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ABSTRACT 


This study furthered research initiated by Popp 
(1964) concerning the confusability of specific alphabet 
letters, and was concerned with investigating whether there 
were significant differences among primary grade children 
in their ability to discriminate similar and reversible 
letters and whether differences would predict reading achieve- 
ment. A further purpose was to determine if the confusability 
of these letters would change according to position in a 
word. 

Ten visual discrimination tests of identical design 
wer esc onstructe d® witthSteachtitestt pitemsicontadnin se) one: daistinace 
tor "*ihe* test Gtenms tranvedigint dddidicwltyr from letters in 
isolation to letters located in words and nonsense syllables 
Erom three to seven letters. Significant differences were 
determined by observing the scores of one visual discrimina- 
tion test in the presence of another visual discrimination 
test with the criterion variable a word recognition test. 

The data for the study was gathered from seventy- 
five pupils, twenty-five in each of kindergarten, grade one, 
and etrade: two, from aypubpldic school Hin St. John's, 
Newfoundland. All tests were group tests, with the data 
analysed by Applied Multiple Linear Regression. 
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kindergarten and grade one levels, while the tests of 
reversible letters were more frequently significant at 

the grade two level in predicting achievement on the word 
recognition test. Generally, visual discrimination compe- 
tency increased with increase in grade level. 

It was concluded that the ability to discriminate 
simiarpdette res dis, distd ncite fr om) :ties B bidd tyy toardds.criminate 
reversible letters, and that visual discrimination of rever- 
sible letters is a more complex task than that of similar 
letters. 

Therefore, more attention should be focused on the 
tasks of visual discrimination of confusable letters and on 
the development of exercises at primary levels to strengthen 
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CHAPTER I 


THE PROBLEM 


ie INTRODUCTION TO THE PROBLEM 


Early in the twentieth century educators became 
more noticeably concerned about the nature of the reading 
act Part of this concern grew out of the developing 
awareness that the movement from non-reading to reading 
involved a series of difficult and complex learning acti- 
vities. Early research sought to differentiate the skills 
involved in beginning reading and in so doing several 
important aspects of the reading process, one of which 
was called "perception" were identified. This initial 
concept was too generalized and obscure to be useful for 
describing beginning reading skills and, therefore, was 
accepted for a short time only, for it was immediately 
recognized that a number of skills were involved in the 
perception of words. In addition, the relationship which 
some of these skills had to reading was not clear. 

The following sections will concern the reading 
process, word recognition in the reading process, and 


visual discrimination in word recognition. 


the Reading Process 
Reading may be described as follows (Gray, 1940): 


The good reader directs his attention to the printed page 
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with his mind intent on meaning. He reacts to each word 
or group of words with a group of mental associations 
regarding the word form, its sound, and meaning. With 
the aid of these associations, he discriminates this word 
Or word group from_all others. 

The words and word clusters are fused into thoughts 
as their meanings become clear. The reader, as he holds 
in mind each thought, analyses, synthesizes, and reacts, 
while Peedink through the sentence. The reader may retain 
many or all of the ideas of successive sentences, thus 
obtaining a clear impression of the author's intended 
meaning. 

The reader may go beyond the literal meaning in 
reacting to ideas implied but not stated by the author, 
and in identifying the author's purpose, mood, and attitude 
Poeardeene reader. Some of the ideas may be blended with 
the reader's previous experiences, and this fusion may 
result in more precise concepts which may become part of 
the reader's associations for future reading. 

The reading process begins with the reader looking 
at the printed page; it includes the recognition of words, 
the understanding of sentences and paragraphs, the inte- 
gration of meaning into the reader's past experiences, 


and reaction by the reader to the author's ideas. 


brow doses o3 #22897 9H © Saini en ee: 


anotisatooaes Isinsm te. aiots s diiw ebrow to quozg cae 
a3iW .gatweem boo ,bavoe att .m10t brow edz sotbrsgez 7 


brow 2td2 aetsaimiroetb sf ,anolisinoaaa sesd>? Yo bre ed 
-819N30 Iie mori qvo1g brow 20 

etdgwod? otmt beaut srs exedevis brow bas ebiow sdT 
abfod sd ag ,r19sbest sadT resis smoosd againsem rieid os 


,atosess bos ,asstesdzoave ,eseyisas ,jdguod? doses bata nt 


-misgea ysm rsbse1 sdT .sonstnse sia dgyotds gatbsex sitdw 


audi .asomesinse svtasssoue to asesbt ofa to [is to yrsa 
besbasict e'1odtus sia io noteessqmt zesio a guinisido 
-gniasem 

nit goinssm fere3ti stia baoysd og yam tebasy odT 
~todtus sli yd batste ton jud betiqnt sagebt of gntzoner 
sbejitzse bos ,boom ,seoqivg e'r5d2us sa3 gntyitiaebt aot baa 
d?itw bebasid od ysm assbt sii to smo2 washes siz) brswos 
vem mobaut e2tdd bas eegnshrsqxs sootverq ea'rsbesx sd3 
lo 378q smosed vem dotdw e3qson0o satas#q s¥on nt tives 
‘gntbssz s1uju? 103 acolisiooess a'rabsez ens 

gatdool xesbsex eit dtiw entged sasc0rq gntbeer siT 
,8baow to noltingosss siz esbufoni +t soanq Sbsitntzq odd ta 
~sint of3 ,efiqeygsis¢ bas asonsgese to gatbassetebav of3 
,S9oneatrsqx5 Jesq o\ sabess sit otnt gakascm io, notisxg 


-eagbt a'rodsus sf of 19bs92 oda bs prion tare 
» ; 


Word Recognition in the Reading 


Process 

Word recognition is that part of the reading 
process in which the reader sees and reacts to each word 
group with the intent of getting meaning. The process of 
recognizing printed words is complex and may vary from 
reader to reader. This study is concerned with that 
part of word recognition in which the reader discriminates 
between letters and groups of letters. The reader must 
be able to see clearly the letters or groups of letters 
representing the sounds and to differentiate each letter 
or group of letters from other letters. The process of 
differentiating among letters and groups of letters 
received through the visual sense is called visual discri- 
mination. Visual discrimination is the detecting of like- 


nesses and differences among letters and groups of letters. 


Visual Discrimination in.Word 


Recognition 
Pop (1964) haga pointed out that certain pains of 


letters are more confusing to five year old children than 
are other pairs of letters. King (1972) in a comparison 
of two kindergarten groups concluded that early instruc- 
tion in letter recognition was significant in predicting 
Suceess in reading. Hill (1936) found that the location 
of letters in words may increase the confusability of the 


word. Further, Gibson, Gibson, Pick and Osser (1962) in 
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a study tracing the development of visual discrimination 
stated that it is the distinctive features of grapheme 
patterns which are responded to in the discrimination of 
letter-like forms and the improvement in such 
discrimination is the result of learning to detect the 
invariants and becoming sensitive to them. They noted 
thatawarneness of topological transformations, «rotations, 
and reversals, and line to curve transformations are 
critical for letter discrimination. It would seem apparent, 
therefore, that for word recognition one must consistently 
and accurately identify all letters. It would also seem 
apparent for word recognition that one must recognize 
these letters when they are located in words. The more 
accuracy whiei a child has sin iwi sital ly add serimi nating 
letters the greater should be his word recognition skill. 
In beginning reading memory of word form may 
result in word recognition, but as the child is exposed 
to a number of words, words will frequently have similar 
configuration. Furthermore, in the beginning stages of 
instruction in word recognition, one should teach the child 
to look closely at the letters and sequences of letters 
which form words (Smith and Dechant, 1969; King, 1972) 
Failure to focus on the similarity of some word forms would 
result in incorrect identification of letters and sequence 
of letters. The child to become skilled in phonic and 


structural analysis must be able to discriminate letters 
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and groups of letters of words accurately. 


Visual Discrimination and 


Let tere on fusabili ty 
Although Popp ( 1964) points out that there are 

two groups of letters which might confuse young children, 
there has been little research concerned which directly 
ascertains whether one group of letters would be more 
difficult for visual discrimination than another group of 
letters. Blair (1969) invassimitar=study "ot letter paars 
with pre-reading children does point out that reversal and 
rotation transformation errors in letter pair comparisons 
occur most frequently. Money (1966, p. 27) argues that in 
learning to read a child must, among other things, acquire 
skill in the accurate identification of the position and form 
of letters and words. He identifies two concepts which the 
beginning reader must arrive at, and he calls these the law 
of positional constancy and the law of form constancy. Posi- 
tliomalVeonstancy refers "to *the fact that"a letter, to retain 
its name must always be directionally oriented the same way. 
For example, if you change the letter "b" on a horizontal 
axis it becomes "p," on a vertical axis it becomes "d," on a 
depth axis (horizontal and vertical combined) it becomes "q." 


Money argues that beyond the recognition of individual 


Vettersi,itpoditional "constancy “also applies’ to the serial 
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arrangement of letters in words: for example, reading 
Was. fOr. saw, “Or OY peLor = Toe: 

Form constancy dictates that alphabet letters to 
maintain their conventional role in communicating meaning 
must not transform their shape except within certain 
prescriptions. Omission or addition would be likely to 
change one letter into another in such transformations. 
Examples would be “h”™ and "n." Should “the'’top ‘part’ of'*the 
"h' “be not observed, it would become “an “'n2" 

Money has indicated that among other things the 
development of these two concepts is necessary for accurate 
visual discrimination of letters and words. He does not 
indicate for primary grade children the relative complexity 
of these tasks. Form constancy requires that one recognize 
in letters * size or “line, shape ot lines “and the*relationsnhip. 
OL a Line to one*or more Vines#? Position constancy grequires 
not only that one recognize form constancy but also, the 
relative position of the lines on an axis. 

Letters which may be confused by adding or 
omitting lines may be called similar letters. Letters 
which may be confused by rotation on an axis may be called 
reversible letters. The ability to discriminate similar 
letters accurately may not be identical to the task of 


discriminating reversible letters. This does not mean that 


each task is distinct from the other, but rather that there 
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may be an overlapping of skills necessary to perform 
each task as well as skills distinct for each task. 

In summary then, should a child not discriminate 
accurately letters in words and sequence of letters in 
words, he would have difficulty with reading. The diffi- 
culty would be caused by the child's inability to be con- 
sistent in identifying letters and words that he sees. 
Furthermore, possible reasons for confusing letters and 
words of similar form may be that the child has not acquired 
the concept of form constancy. Reversible letters and 
words may be confused because the child may not have 


acquired the conceptual framework of positional constancy. 
Ld pe, PROBLEM 


Popp (1964) identified the pairs of letters kinder- 
garten children confused who had not had pre-reading and 
reading experiences. The letters of a simple matching 
task which caused the most confusion to five year old 
children were two types and are listed below: 


(1) reversible letter pairs -- 
DPedie bd, bad, d=-p, b-p, neu. 


(2) similar. letter pairs -- 

Vai, C=-ey h=U, a hy oc len ly 
Popp does not state that one group of letters 

might be more confusable for young children than the 


second group of letters. 
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Wheatley (1965) administered tests of geometric 
shapes, letters, and words to children who had not had 
pre-reading experiences; then, when the children were well 
into a beginning reading program,she administered reading 
tests. She, in trying to ascertain certain pre-reading 
skills which would be good predictors of reading achieve- 
ment, ,Lound that childrens tend not) to phave difficulty in 
letter discrimination when the letters are in isolation; 
however, children do have difficulty discriminating letters 
when these letters are in words. Moreover, initial letter 
discrimination is a cue frequently used for word recog- 
nition (Burke, 1973) therefore, letter discrimination skill 
generally appears to be required for reading accuracy. 

The problem is, then, that it is not known which type 
of confusable letters is more difficult for young children 
to discriminate, and whether a Te position of the 


letter. in the word makes the task difficult. 
Teleles NEED EO} es HEB Se) DIY: 


No study has been carried out as planned in this 
research for the purpose of investigating confusability 
of selected letters at kindergarten, grades one and two 
levels. Should children find these letters difficult to 


discriminate, learning to read may be more difficult. 
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TVs THE PURPOSE OF THE STUDY 


Dts is Cie «purpose, Of Chis es tudy tO esS5e5s -visua. 
discrimination .abtlity or children at kindergarten, 
grades one and two levels for confusable letters in 
isolation, in words, and in nonsense syllables. A further 
purpose is to assess whether these visual discrimination 
abilities for confusable letters predict achievement on 
a word recognition test. 

Since the letter pairs are of proven difficulty, 
and since the tasks were not beyond the experiential back- 
ground of the children involved, any significant differ- 
ences in test scores would probably indicate differences 
in ability to differentiate the confusable pairs. 

It is generally agreed that of the many factors 
influencing word recognition ability among primary grade 
children, one could include sex, intelligence, and socio- 
economic status (Spache and Spache, 1969). In order to 
limit the effects of these factors, that part of the 
variance accounted for by sex and intelligence have been 
controlled statistically in some parts of the study. An 
attempt was made to randomize the effects of socio- 
economic status by selecting a school for the study which 
according to the considered opinion of local school autho- 


rities demonstrated a wide range of socio-economic status. 
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V. SIGNIFICANCE OF THE STUDY 


Most developmental reading programs include, at 
the primary level, instruction in visual discrimination. 
It would be worthwhile to determine at which grade levels, 
kindergarten, grade one, or grade two, groups of children 
have difficulty in the visual! discrimination of letters 
in isolation and in words. If errors in the identifi- 
cation of letters and groups of letters do exist at 
specific grade levels, the information would assist teachers 
in adapting instruction and materials in order to increase 


visual discrimination skill among children. 
Vile TEST INSTRUMENTS 


Introduction 

The letters in the visual discrimination tests 
were considered in pairs; that is, a letter was matched 
with another letter with which it is confusable. The 
letter pairs were assessed for confusability in isolation, 
and when located in the beginning, middle, and ends of 
words.; The letters were also located in nonsense 
syllables. Copies of these tests are contained in Appendix 
ie 

Similar letter pairs and reversed letter pairs are 
terms used in the hypotheses , these terms are defined 


under the heading "definitions." Since each hypothesis 
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is stated in terms of the test instruments, a description 
of each test is included here prior to the statement of 
the hypotheses and is not repeated in chapter III. The 
letter pairs used in all test’ items are those letter pairs 
identified by Popp (1964) as being most confusable to 
young children. They are listed in Section II of this 


chapter, entitled THE PROBLEM. 


The Visual Discrimination Tests 

All ten tests have a matching to sample design 
and their composition is summarized in Table I. 

Test I 

In this test the items contain isolated letters 
and the purpose of the test is to determine the extent 
to which similarity of form creates a problem in the 
recognition of single letters: 


e Cc e 


Test II 

The test items of this test contain isolated 
letters but the purpose of this test is to determine 
the extent to which confusion by rotating a letter on 
its axis creates a problem in the recognition of single 
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TABLE, I 


COMPOSITION OF THE VISUAL DISCRIMINATION TESTS 


No. Times Confusable 


Confusable Letters 
No. Test Letters Tested 
Test No. Test Name Items Tested 
Ai sama dar 2 h-u t-u 
Letter i-l e-c 
Pairs k-y d-h 
Tests hey h-n 
a Single Letters 18 dock 
mh OE OB Initial Letters 18 2 
in Three Letter 
Words 
IV Initial Letters 18 2 
in Nonsense 
Syllables 
V Letter Pairs 18 2 
Used together 
in Three Letter 
Nonsense 
Syllables 
IX Larger Words as 15 ie (ee 
Initial, Medial 
and Final Letters 
B. Reversed 4 p-q b=p 
Letter b-d d-p 
Pairs b=q n=u 
Tests 
II Single Letters 24 
VI initial Letters 24 4 
in Three Letter 
Words 
VII Initial Letters in 
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Vibe Letter Pairs 24 
Used Together in 
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X Longer Words as_ 15 Neo oe 34 


Initial, Medial 
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Test) 111 

Three or four letter words make up the test items. 
Initial letters only are changed in the distractor in 
each test item. The purpose of this test is to determine 
if locating confusable letter pairs of similar form in 
simple words would decrease ability to discriminate between 
such letters: 


hat rat Inieuie 


Test IV 

In this test the items contain. three letter non- 
sense syllables with initial letters only changed in the 
distractor in each test item. The purpose of this test 
is to determine if locating confusable letter pairs of 
similar form in nonsense syllables would decrease ability 
to discriminate between such letters. The purpose of using 
nonsense syllables was to produce word forms in the test 
item which would reduce the use of meaning in the discris 
mination task: 


hxt nxt hxt 


d's, Cee, 

The test items used three letter nonsense syllables. 
Two, factors produced difficulty in this test: first, both 
letters of each confusable pair are included in each test 
item; second, the sequence of each confusable pair is 


switched in the distractor. The purpose of this test is 
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to determine whether changing the sequence of similar 
letter pairs would decrease ability to discriminate between 
such letters. 


uth htu uth 


Test VI 

The test items used three or four letter words 
in which only the initial letter of the distractor is 
changed. The purpose of this test is to determine if 
locating letter pairs, confusable due to reversal tendency, 
in simple words would decrease ability to discriminate 
between such letters: 


bet det bet 


Test VII 

This test has items of three letter nonsense 
syllables. Initial letters only are changed in the 
distractor in each test item. The purpose of this test 
is to determine if locating letter pairs, confusable due 
to reversal tendency, in nonsense syllables would decrease 
ability to discriminate between such letters. Nonsense 
syllables were used to produce word forms in the test 
items to reduce the use of meaning in the discrimination 
task. 
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Festevitt 

Three letter nonsense syllables and three letter 
words made up the items of this test. Two factors produced 
diftticulty in this test: first, both letters of each con- 
fusable pair are included in the stimulus word; second, 
these confusable letters are interchanged in the distractor. 
The purpose of this test is to determine whether changing 
the sequence of the reversible letter pairs would decrease 


ability to discriminate between such letters, 


pig pig gip 


Test Ix 

The test items in this test have six, seven and 
eight letter words and beginning, middle and final letters 
are changed one at a time. The purpose of this test is 
to determine whether word letter length and location of 
letters would decrease ability to discriminate between 
similar letter pairs. 


saying sahing saying 


Test’ Xx 

The test items containing six, seven and eight 
letter words have beginning, middle and final letters 
Ghangedsone at a®times “The ptrpose®of this™test*is*to 
determine whether word letter length and location of 


letters would decrease ability to discriminate between 
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reversible letter pairs. 


express express exqress 


Reading Achievement Test 


The Gates Primary Reading Test (1958) Type PWR, 
Word Recognition, Form 1, hereafter called The Gates Word 
Recognition Test, was used to assess word recognition skills. 
This test consists of 48 items each of which contains four 
printed words and a picture which illustrates the meaning 
of one of them. The task is to circle the word that explains 
the picture. The test measures the degree to which students 


can identify representative words. 


intelli gence West 
thes lLorge=tnorndike Nonverbal intelligences Levely i, 


andmlevel 2.5 Form cima ryepalvery len os wwere used. 
These tests hereafter are called The Longe=Thorndd ke 


Intelligence Tests. It was recommended in the manual that 
Level 1 be administered to kindergarten and grade one 
classes, and Level 2 to grade two classes. 

In hypotheses I and II the visual discrimination 
tests are considered in pairs. Statistically, this means 
that in assessing significant differences, each visual 
discrimination test will be looked at in the presence of 
another visual discrimination test. For example, in 
hypothesis I, Test III will be considered in the presence 


of Test IV then in the presence of Test V; Test IV will 
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be considered in the presence of Test V. 


Vil. HYPOTHESES 


Hypothesis AL 


When differences attributed to intelligence and sex 
are controlled, there is no significant difference between 
a.child's ability to discriminate. selected similar letter 
pairs Ongeachgoft Tests Jit ,,iV, V,and his score on The 
Gates Word Recognition Test: 

(A) for the total test sample 

(B) for kindergarten children 

(C) for grade one children 


(D) for grade two children 


Hypothesis II 


When differences attributed to intelligence and 
sex are controlled, there is no significant difference 
between a child's ability to discriminate selected reversed 
better pairs,on each of. Tests VI, VII; VIII, and his score 
on The Gates Word Recognition Test: 

(A) for the total test sample 

(B) for kindergarten children 

(GC) £or grade pne children 


(D)eetor grade twoecni laren 
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Hypothesis HALAL 


There is no significant difference between a 
child's ability to discriminate selected similar letter 
pelrreatrotattscdiretoRitegusers IIL; IV, Vv, IX) from his 
ability to discriminate selected reversed letter pairs 
(total score oHtTéestis OFUSIVIP VITA VEDI, X) as reflected 
in scores on The Gates Word Recognition Test: 

(A) for the total test sample 

(B) for kindergarten children 

(C) for grade one children 


(D) for grade two children 


Hypothesis IV 


There is no significant difference between a child's 
ability to discriminate selected similar letter pairs 
located in longer words (score of Test IX) from his ability 
to discriminate selected reversed letter pairs in longer 
words (score of Test X) as reflected in scores on The Gates 
Word Recognition Test: 

(A) for the total test sample 

(B) for kindergarten children 

(C) for grade one children 


(D) for grade two children 


Hypothesis V 


The scores of the children on all of the tests 


intended to measure the ability to discriminate selected 
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letter pairswictoteads sco nes ofa Testis: Iwitios X)o doi motiwaecount 
for a significant amount of the variance of the scores 
on The Gates Word Recognition Test beyond that difference 
accounted for by intelligence: 

(A) for the total test sample 

(B) for kindergarten children 

(C) for grade one children 


(D) for grade two children 


Hypothesis VI 


Grade does not account for a significant amount 
of the variance of scores on The Gates Word Recognition 
Test beyond that variance accounted for by the scores of 
the children in the tests intended to measure the ability 
to discriminate selected letter pairs in longer words (scores 


Oreeoe sis el Sea ide ee 


Hypothesis VII 


There is no relationship between sex and visual 


discrimination (total score of Tests I to X). 
Niele colin LIMITATIONS 


The ten visual discrimination tests were constructed 
by the researcher to measure the ability of children to 
discriminate between selected pairs of letters. Limitations 


are acknowledged as follows: 


PP eapeiacotting ied 
nab bdo deaxnarsbaba 202 (6). oe. 
soubiivio sao sbaxe x07 (Bho 0 Se 7 


nasbltdo o@t sharg xot (0) ; . 


7 
notjtngoosa brow asisd siz a0 astose to soneiasy 3d3 to a 

Yo esrona 3ent ud 10% bs3nuoo0s sonstrsv isis buoyed jaeT 
viiitds ef1 stuessm o3 bebnsitat etas) on2 nt astbitds oda a 
es31098) ahzow segnol nt atisg 253391 bstosisa staentatiseth oF 


ere! 


tnuogs tnsotiinagte sg zat Javos9a jon ea0b sbs 


; 
Intety bas x56 oseyied erdhives obey on at oat 


«(X 03 I atest 16 st052 tn303) cetsaniassaih 


andarintnts aed : 


‘ss 
betoviienos sisw atest ok ss septitasetb yeu <p aa 
63 neTbilds to yItlh Pacask ons 


emolimat@t .ax979si to spe) ata Skuia 


20 


1. Measures of reliability were not applied 
to the visual discrimination instruments 
because these tests were too short even 
though the letter pairs were repeated at 
least twice in most tests. 

2. Only one alternate answer was used for each 
test item in addition to the correct 
answer because of the young age of the 
subjects thereby increasing the probability 
of guessing. 

ie Pupil scores on The Visual Discrimination 
Tests were high at all grade levels. 

This limits interpretatiom of Guhe 


analyses. The pupil saw scores are not 
contained in the analyses. 


LX DEFINITION OF (SPECLAIn LERMS 


Visual Discrimination -- Visual discrimination is the 
detecting of likenesses and differences between 
pairs of letters 

Similar Letter Pairs -- These are letters which may be 
eoniuseds due tomsimilarityeotetorm, (hat si.) one 
letter may be confused with another by adding or 
omitting lines. An example of a similar letter 
Dare WOULdsEDe™  weeaT dana troe 
Included as similar letter pairs are letter pairs 

which to be confused would include a reversal error along 

WUGheRAneerror in formal similarity.) Eor example; to 

confuse the Letters “h'’ and “u," a reversal) error is 

required, as well as an error by adding a line. Such 


letters requiring more than reversal errors to be confused 


will bé classified as similar letter pairs in this study. 
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The similar letter pairs in this study are: 
Det eo ay et mit €=Co d=) hen, by, ole 
Reversed Letter Pairs 
Reversals are the confusing of letters which are 


identicalpwhen, rotated, on, an, axis.» Reversals, maybe 


classified according to three types of rotations: 


i the rotation about a Vertical axis ‘e.": .-,"sb=ds, 
Ls tne, rTrocataon apoutr NOT _zoncal axis; 4.2. 
D-pad. Ce 
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X. THE EXPERIMENTAL SETTING 


The experimental design is reported in detail in 
Chapter III. A summary is presented here. 

The stiratified, random sample used in the study 
consisted of seventy-five children selected from those 
attending Mary Queen of Peace School in St. John's 
Newroundland. “At the time of "Cesting. March, 907", ttre 
kindergarten classes were two months advanced on a reading 
program. Twenty-five of ‘the “children “in 'the ‘sample were 
from kindergarten, twenty-five from grade one, and twenty- 
five from grade two. 

Ten visual discrimination tests were administered 


to the groups in order to test the hypotheses ‘in ‘the "study. 


The Gates Word Recognition Test was administered to assess 
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reading achievement and The Lorge-Thorndike Vite eee 


Tests so that where necessary intelligence variables 
WOoULd eben controlled “statistically. 

The data collected were analyzed at the University 
of Alberta, Edmonton, using a multiple linear regression 
program to measure significant variances among the selected 


variables contained in each hypothesis. 
9, Gi ORGANIZATION OF THE? REPORT. OF THE STUDY 


Chapter II contains a review of the literature rele- 
vant to the visual discrimination of alphabet letters. 
There has been considerable research in visual discrimina- 
tion and its relationship to reading. Many of these 
studies were concerned with various types of geometric 
figures. This study, in the review of research, will be 
concerned primarily with alphabet letters and words on 
"pencil and paper" tests of visual discrimination. Some 
attention will be given to research in visual discrimina- 
tion that was not concerned directly with letters and words, 
but which indicate some implications for the visual discri-— 
Minetdon vot letters: dnd words at the primary levels. 

Chapter III presents a description ot the experi-= 

mental design, a description of the testing procedures and 
the statistical procedures used in the analysis. Chapter IV 


contains a presentation of the findings. Chapter V contains 
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aA summary of the findings,..conclusions, implications and 


Suggestions tor further research. 


XII. SUMMARY 


some children have ditficuilty with reading. “Ihis 
difficulty may be caused by the child's inability to be 
consistent in identifying letters and words he sees. 
Similar letters and words, and reversible letters and 
words would be confused. The purpose of this study is 
to assess visual discrimination ability of primary grade 
pupils by observing their abilities to discriminate between 
letter pairs, of proven ditticuity invoisolation: and in words 
and nonsense syllables. 

Included in Chapter I is an introduction to 
the problem, significance of the study, the hypotheses, 
limitations, definition of special terms, and the experi- 


mental setting. 


an 
ee ee 7? Vee) se hen'6oR 


etdt 


gt ybuie etdd io subaxn sit ‘Seek. a ie abiow 
sbsig yiemitq to yiitids sotisntmitzath isyetv eesees O23 
asawied siantmixzsetb o3 sobaniids tisdt gaivisedo yd attquq . 
abrow mi Sons sotsslost ot yifuotiith mevorq to e1ksq 19339 7 


ot nottoubotiat ns ak I 1siqsd9 ah bsbufost  . _ 
- o - 

rasasitoqyd of? ,»ybvia af? to sansottiagte «asidevg ada 
-izregxs sd3 bas ,em1si Iskosqa io nobsiabisb enobsagtebt 


os o> Pa Tah aa {\ 1 ph Oe La 4! 


CHAPTER II 


RELATED RESEARCH IN VISUAL PERCEPTION 


IBA INTRODUCTION 


Chaptrenelhiqw Lisinclude puting t was neview not a 
Gurnent theory ‘concerning Visual *discrimination, and second, 
a review of research relevant to the discrimination of 
letters and words, 

Durrell “and Nicholson (F961) “feel that there are 
three essentials for progress in reading. One of these 
essentials is that the child be able to notice separate 
sounds in spoken words. PiLothie child cannotaae this, he 
will not be able to relate the sounds to the printed letters. 

A second essential ability for learning to read is 
the ability to see differences in printed letters and word 
forms. It requires close discrimination to notice the 
differences between b, p, d, and g. The child who cannot 
tell letters apart or notice the differences in word forms 
will have trouble in relating sounds to the letters and 
words. 

A third ability is observing the relationship between 
letter forms and the sound of the letter. When the rela- 
tionship between visual and auditory elements of words has 
been established, the acquisition of sight vocabulary pro- 


gresses rapidly. 
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This study will be concerned with the second 
essential ability inthe “reading “process f*the fabitity to 
see likenesses and differences in printed letters. 

Eee Ar GURREN Te fHERORY INGVLS UAL 
DISCRIMINATION 

Money (1966, pp. 21-25) proposes three constancies 
which would influence a child's ability to discriminate 
words and letters. He feels that the pre-reader lives in 
a jungle of camouflage, learning during his pre-school 
years that objects retain their same identity and meaning 
irrespective of transformations and disguise. Without 
changing its name or significance, an object may take on a 
different visual form by rotation to any point on the com- 
pass. It may be dismembered, or subtracted from. It may 
be embellished and added to. Nevertheless, the object 
has the same designation and meaning. The object obeys 
the law of object constancy. Money argues that learning 
to read turns the pre-reader's conceptual world of object 
constancy into chaos, for it supplants and supplements the 
law of object constancy with the law of directional 
constancy and the law of form constancy. 

In léarning to tread and write, (the law of direc- 
tional constancy applies both to letters and to their 
arrangements in words, An alphabetic letter, to retain 


its name and conventional role in communicating meaning, 
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must always be directionally oriented the same way. 
Errors in letters and words may occur when they are 
rotated On either a vertical, a horizontal, or a sdenth 
axis. Money also argues that the law of directional cons- 
tancy applies to the syntactical arrangement of words in 
sentences as well as to the serial arrangement of letters 
lo vords.. 

The law of form constancy dictates that a letter 
to retain its meaning, must not transform its shape except 
Within ,»certain prescriptions. | Omissions lor additiens are 
likely to change one letter into another in such trans- 
formations. Money reported that the application of form 
constancy is extremely inconsistent. The beginning reader 
must differentiate capitals from lower case, and also 
variations of font. It is also necessary to distinguish 
SudsequaLe printwand cursive script. Recognition «ot ald 
these differences and equalities, added to those pertaining 
to directional orientation, constitutes a very complex 
task for the young reader. 

Money's theories of constancy are related to this 
Btudy, since it is felt that any gsienificaneG ditterence 
in the ability to discriminate letters and words of similar 
form, and reversible letters and words, would support the 
idea that for accurate visual discrimination of letters and 
words, one must possess a clear concept of form constancy. 


Furthermore, the application by Spache and Spache (1969, 
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PPaol3e15),40f Vernon!s+(1962),theory sof perception, to 
reading gives considerable attention to object constancy 
and.its,application to), reading... However, no consideration 
is given by Spache and Spache to the possible influence 

of form and positional constancy upon visual discrimination 
of letters. The similar and reversed letter pairs used 

in this study come within the framework of Money's laws 

of form and positional constancy respectively. Gibson, 
Gibson, Pick and Osser (1962) sought to trace the develop- 
ment of discrimination of letter-like forms in children 
four to nine years old, paying attention to the kinds of 
transformations that were hard and easy to discriminate 

at different age levels. Geometric forms were constructed 
with the following transformations represented: line to 
curve, reversals, perspective transformations, and rota- 
tions. The results showed that errors decreased from 

age, four. to eight, but rate of decline was) quite) different 
pPotediiterent typessot transformation. se irrors prorbreak 
and close started low and dropped to near zero by eight 
years. Errors for perspective transformations started 
high and remained high. Errors for reversals started high 
but declined rapidly. The authors felt that reversal 
errors do not serve as distinctive feature errors, since 
an object is seen to remain) the same object if it is turned, 


and what the child learns is to perceive its permanence 
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despite change in position. This study may be’ related’ to 
the confusable letters of the present study as follows: 
reversals’~="p"and*q:*b and*d* breaks *and*®ecloses?—-—*o and 
€¢; Cc and™e;*! and™1; rotations” -="n*and*®ur"d and pPerevere 


sals and rotations -- b and p. 


cele A REVIEW OF RELEVANT RESEARCH 
Early Research in'the™Perception “of 
Letters and Words 

Early research concerned with the discrimination 
of letters and words was conducted by Smith (1928) and by 
Gates (1926). Smith argued that general ability in word 
recognition cannot progress very far until pupils have 
developed the particular ability of making visual discri- 
minations, at least to the extent of being able to match 
WOKG |. Or ms). She found a correlation of .87 between ability 
to match word and letter forms and reading ability of 200 
topes tecrade Ccirildren iia eveLrolteschoola ssi hewmosty dit rd — 
cult letters children found in the letter matching test 
WeLee———8blep, ¢, anda, sone found, «also, that. childnensot 
low intelligence made more errors in matching letters 
than dia children of high inteliigence. Jincluded in this 
study was an attempt to determine the effect which the 
different letters had upon matching when combined into 
groups &as they would appear in words. These tests were 


of three types: (1) hard letters (as assessed in the 
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matching test) at the beginning and end of words; (2) easy 
letters at the beginning and hard letters at the end of 
words; (3) hard letters at the beginning and easy letters 
ato thee end! of: words.s! Shei found: that. ay word, both beginning 
ands ending: with a hard) letter is: not» mnecesarily harder to 
match than one which begins with an easy letter and ends 
with a hard letter. 

Significant in Smith's study was her realization 
that imbedding a letter in a word might add significantly 
to the difficulty of the letter as determined by a simple 
letter matching task. 

ith ther prjesentiistudysd etitersa ares consideredsboith 
in isolation and when imbedded in words and nonsense 
syllables. 

Gates (1926) began a series of experiments in 
perception and reading which ran through a number of 
years. The early studies were an attempt to identify 
perceptual abilities influencing success in reading. Rele- 
vant to his early studies was research in geometric shapes 
as they related to reading ability. These early studies 
of Gates indicated that the ability termed "word percep- 
Hiion,e2 one part: Of owhdcht ass ft hes abd ld yoitos detecitiwmall 
differences in words, bears a close relation to reading. 
Intelligence had a correlation slightly below the word 


perception ability and tests of the perception of digits 
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and geometric figures had low but significant correlations 
with* reading.” Of" major™ concern’ is*Gatets conclusion that 
ENCTEALSYnOt= ay particuiar= perceptuat=ability, but rather 

a number of perceptual abilities involved in reading. 

This supports Money's laws of constancy which are considered 
in ehaedsenay. 

Gates and Bond (1936) conducted a study of four 
large classes of children who were given instruction in 
reading soon after entering first grade. Among the tests 
given were the following: tests of naming the alphabet, 
letters, reading letters, matching words, looking at a 
word™=and”™compartng=1t™"to words similar to It in order to 
pick from these words the initial word, form matching. All 
tests but the form matching tests, that is, all verbal 
tests gave significant correlations with ability to learn 
to read. Letter and word matching tasks are contained in 
test instruments of this study. 

Hill (1936) conducted an analytical study at the 
beginning level with normal readers investigating some 
types of errors in word discrimination. Among the tests 
given were "cues" tests in which the emphasis was upon 
the use of certain aspects of words as cues for the 
recognition of whole words. The factors which Hill con- 
sidered might be operating as inadequate cues were the 
beginning, middle, end, beginning and end positions of 


words, the configuration of words, and additions and 
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omissions of letters. From an analysis of the data she 
concluded that the beginnings and endings of words were 
more frequently used as cues than the middle. 

A second type of test administered were "details" 
tests. These required discrimination of letters in isola- 
tion and when imbedded in words. Significant among her 
conclusions were the following: the letters contained on 
the tests when presented in isolation caused little trouble; 
configuration was not significant; the order of letters 
gave riséttota retlativellyalarge numberyoftserrors* 

The third type of test administered were "organi- 
zathonittestsrinvélvingLtheClettersap ing, 2beedpenzy uf 
in three types of tests: letter discriminations, discrimi- 
nations between words in which only one letter was placed 
in a different orientation and the discrimination of words 
in which letters were completely omitted. She found a 
€antinuumsafronmepracticalby tno tdiscriminatton ability*to 
accurate discrimination in the letter forms test. Also 
reversible letters appearing in words cause more difficulty 
in discrimination than those same letters appearing in 
isolation. 

Several points could be noted concerning Hill's 
study. She along with Smith (1928) does indicate that 
imbedding the letter in a word seems to be more significant 
in predicting the *confulsabtlity ‘df tthe Vetter in reading 


rather than determining letter confusability simply by 
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comparing tovother Letters, Hill does not use words but 
rather nonsense syllables, in order to lessen use of meaning 
and familiarity with word to discriminate. It would seem 
that achievement is an important consideration in that 

the individual may build up facility in discrimination 
Gieleuce rs sineknownawords:. 

By considering selected letters in isolation and 
also imbedding them in nonsense syllables, this study 
attempts to further support the observations of Hill. 

Bretcy (1939) conductedsaustudy sorecerntain factors 
influencing reading readiness. Among the tests given was 
an adapted form of the Lee-Clark Reading Readiness Test. 
This test involved matching of letters and matching pairs 
of words which were identical except for the inclusion of 
one superfluous letter in the second word of each pair. 

This test correlated fairly highly with reading achievement. 
Pretty concluded that apparently a child must be able to 
distinguish between visual sensations of the kind experienced 
in reading. Otherwise he is unable to deal with printed 
symbols and is not ready to learn to read. Pretty's study 
adds no new knowledge over and above the preceding studies 


but does support previous studies and this study. 


Reversibility and Success 
in Reading 


Since this study is concerned in part with reversed 


letter pairs, the following studies are related in that they 
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indicate that the tendency to make reversal errors is 
related to reading achievement. 

Krise (1949) used a group of college students in 
a study of tendency to make reversal errors. He hypothe- 
sized that, when confusion occurs with symbols which are 
identical when the background is disregarded, this con- 
fusion is due to a lack of familiarity with the relationship 
between the various symbols and their background. In the 
study, one symbol was chosen to represent the four letters 
i, a, e, and o when rotated. The college students were also 
required to learn non-reversible symbols. It was found 
that the college students required more time to remember 
correctly the reversible symbols than to remember the non- 
reversible symbols. Krise attributed this difference in 
time to the confusion caused by the reversible characteris- 
tics of the symbols substituted for vowels. Krise argued 
that reversals are primarily caused by the fact that 
students simply find it difficult to differentiate among 
symbols which are similar. Krise argued that there might 
be a need for making students more familiar with rever- 
sible letters. It is also hypothesized in the present 
study that reversible letters cause more difficulty for 
primary. pupits- than dol noneréevernsdiibl ec etters. 

Potter (1949) investigated perception of symbol 
orientation and early reading success. Several of her 


findings are reported in Traxler (1955), Townsend (1951), 
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Feldmann (1961), and Wheatley (1965). Pupils were tested 
on their ability to perform the following tasks: match 
two, three and four letter combinations; match representa- 
tional and geometric shapes; copy shapes. Analysis of these 
tests revealed the following: many children beginning to 
read had good word perception; ability to avoid reversal 
errors was found to be a crucial ability for early reading 
success, a finding which supports this study; relationship 
between copying shapes and matching ability remains fairly 
high when mental age is controlled. 

Feldmann's reversal test contained the same weaknesses 
as the reversals test which was used by Potter (1961). 
Feldmann used an adapted version of Potter's reversals test. 

Wohlwill and Weiner (1964) investigated the question 
of children's ability to differentiate stimulation on the 
basis of their orientation by employing a matching-from- 
sample task, in which the subject was first trained to 
respond to one of two stimuli which matched a sample stimu- 
lus. The subject was then presented with a series of test 
trials in which one choice stimulus was identical with the 
sample while the other was the left-right or upside down 
reversals of the same figure. 

Iwenty-four children between the ages of forty- 
seven and fifty-six months were involved in the experiment. 
Significant among the results of the study is the finding 


Ehateeniidren as young as four to rive, years old have little 
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difficulty, on the average, in discriminating stimuli 
On fhe basis of their spatial orientation, provided the 
task requires an orientation selective response to this. 

It should be noted in considering the relevancy 
of this study to a discussion of reversals in reading, 
as Wholwill does point out, that letters differ in impor- 
tant regpects to the figures used in the study. Letters 
are smaller and topologically more complex than the figures 
he used. 

Twohig (1972) in a study of the relationship between 
body directionality, letter directionality, and reading 
achievement at the grade One level found that the ability to 
discriminate directionality in terms of one's own body and 
with reference to alphabetic letters in isolation, words 
and sentences, appeared to be positively correlated with 
reading accuracy achievement supporting the use of reading 
achievement as the criterion variable in the present study. 
Further, analysis of the proportion of errors indicated 
that the lower reading group displayed a greater tendency 
for global directional confusion (left-right, vertical, 
combined), while the errors made by the higher reading 
groups tended to focus more on a left-right gradient. 

There was also significant difference between the scores 
obtained by the high, average and low reading achievers 
on the letter directionality test. Since this seems to 


point out that intelligence is a significant factor in 
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directionality discrimination, intelligence is controlled 


Statistically in this study; 


Studies of Letter Pair Confusability 


The purpose of Popp's (1964) study was to determine 
which pairs of alphabet letters were most often confused by 
pre-reading children and therefore be most likely to cause 
confusion in initial reading instruction. Sixty-five 
children, ranging in ages from five years and one month to 
six years and one month, attending a public kindergarten, 
were divided into five groups of thirteen subjects each 
with an even distribution of chronological ages within 
groups. Testing was done in early February before the 
children had had formal training in letter matching or 
other pre-reading instruction. Standard two-choice items 
of matching to sample design were constructed, making 
twenty-five items for each letter and a total of 650 items. 
The children made a total of 1186 errors with the following 
pairs being most frequently confused: p-q, b-d, b-q, d-p, 
bop el eK Vy tat ec —e4) C= jeeti—tl V0 0) Ky tl — Un 

Popp concluded that consideration of the distinc- 
tive features and of the formal similarity of letters 
should provide insight for training a specific skill in 
visual discrimination of letters. 

The matching and sample design used in the present 


study is adapted from the design used by Popp. The selected 
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similar and reversed letter pairs were those determined by 
Popp to be most confusable for young kindergarten age 
children. Further references to Popp's study follow in 
other parts of this study. 

Bila Lire ee) Pina Study* similar’ to that of* Popp 
used two samples of children with both being tested before 
receiving formal instruction in reading. One sample con- 
sisted of fifty children with a median age of six years, 
zero months, who attended a public kindergarten in a lower- 
middle class community. The second sample consisted of 
twenty-five children, with a median age of four years, four 
months, who attended a public nursery school supported by 
a leading university in an upper-middle class community. 

A total of 650 three inch by five inch cards were 
presented in five sets of 130 cards in matching to sample 
tasks. The pupils were divided into five groups with each 
group receiving a different set of cards. There were no 
significant differences in the error score between the five 
groups across the two samples. However, there was a signi- 
ficant difference (p < .01) in the error scores between 
samples indicating that the kindergarten children had 
fewer errors than the nursery children. The author notes 
that the error rate and type of error of Popp's (1964) 
sample of kindergarten children is more similar to the 
sample of nursery school children than to the kindergarten 


sample. This study supports the letter pair selection and 


ed Sentexevel ‘SSoit vlna was3sl ee 
945 nesrogiushats anuey cov ideuaaias Si al 

at woflo? ybujea ea ' gto 03 goons tet sedan ae 
.ebu ie atda to aj13q 


qqo% Yo ded? of ralimta ybute s at (eee) tksl@ wy 


stoted baseo3 neted daod diiw asybfftio Yo asiqmse ow? oes 


-fnos slqmsa an0 .gnibsss st aotzouzjent Ismtot gnivtssst | 
,a1e5y xte to sgs astham s datw aerbitda y3tt? to peters 


<rswol 5 mt nsgtegrsbats stiduq 8 bsboatis ofw stated oz 


Ss @ 
Yo betetenos slqmsa brosse eft ,.ysinummos easio sibbia 
r ‘ee 


! 
suol ,21Bey rot to ogs netbem 5 ditwy ,astbitds evii-yiaswi a 
ip - 


vd bodrogqua Loodoa yrserpa otidvuq s beboesis onw ,edsnom a) 
a 
-t?inummios eeslo alfbbim-1sqqu ns nt yiteravinv gotbesi = , 


a 


sisw ebteo dont svytt yd dont asrd3 OC@ to Lato7 A 


= 


gigase o2 grinnjasm nt shsad Off to s3se avt? at betasestq 
doss diitw aquota svt? oijnt bsbtvtb stew eliqeq sdT vadent 
on stsw sredT | -abrs2 to tee tInststitb s gnivisoset quora | a 
avit sit nsewisd sroze totrs sii at assnsi9iitb sasotitagte 
-~logte 5 saw si3sdi ,ravswoH .asicqmse ows sit seoros oquers hg 
asswisd sstose xoxrxre Sid ati ([0. » gq) sonateit?th sane > 
bed asvb{ido nottagtsbati sid jad2 sabses tugs solqase 
asjon tofjtus oaiT aac Yrsetun sii asdi atorre rows 
(a@et) e'aqqod to rors id sqyi bn. Agus Torts, ss ad: 

s#a 03 reitmte exon mh mabitils ada Yebatd t6 rade 
RASGAgEEEASS OtY 23 Oath frexbitdo Sudinaes | 


ban nottaatae crteg tasaot oi eidinbuis 


36 


the matching to sample design of the test instruments of 


this present study. 


Visual Perceptual Abilities and 
Reading Achievement 


The present study is concerned with the visual 
discrimination of selected similar and reversed letter 
pairs in predicting reading achievement and the following 
studies concerned with visual perceptual abilities and 
reading improvement are related to it. These studies 
generally support the argument that the visual discrimina- 
tion of letters and words is vital for reading success. 

Harrington and Durrell (1955) were concerned with 
certain perceptual factors and reading. Visual discrimina- 
tion tests were administered by having students look at 
a flash card and then select the word in a multiple choice 
situation. They found a significant correlation between 
visual discrimination and the reading test. The authors 
concluded that specific instruction in phonics and in visual 
and auditory perception of word elements is essential in 
building reading vocabulary in primary grades. 

A second study concerned with factors predicting 
success in first grade reading was conducted by Durrell 
and Gavel (1958) in which two thousand students participated. 
On a letter matching test administered in September it 
was found that a significant number of students could match 


most of the letters, and hence it was felt that letter 
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matching abilities were not predictive of reading achieve- 
ment. This supported some of Gates previous research. 

Goins ((1958) carried out a detailed study of .the 
relationship between visual perceptual abilities and success 
in elearning tormread with 0120 sfirst,.ernade children -in .Chicago. 
Her study was not concerned with letter or word matching, 
but with pictures and geometric forms, yet it is interes- 
ting on the basis of her conclusions. Students were given 
perceptual »testssand the Chicago Reading Test. Then,they 
were given perceptual training, following which, percep- 
tual tests and a reading test were administered a second 
time. Among the conclusions arrived at, the following are 
pertinent to this present study: 

1. There were various types of perceptual 

, abilities and degrees of competence. 

2. The data secured from the reversals test 

supported Krise's (1949) argument that 

reversal errors in reading were a problem in 

visual space perception. 

Goins did not include any "verbal" material, that 
is, tests that utilized words, syllables and letters, 
since these tests would only separate the readers from 
the non-readers at the grade one level. 

Another intensive study concerned with perceptual 


factors in reading was conducted by Malmquist (1958) in 
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Sweden on 365 grade one students in two communities. 
Among the tests included were: geometric figures, letters, 
digits,, geometric configurations, pictures. . The research 
findings from this study indicated that the ability to 
distinguish between letters and numbers was more closely 
related to reading “ability at the first grade level than 
the ability to distinguish between geometric shapes or 
the ability to distinguish pictures. Malmquist expressed 
agreement with Gates (1926) that perception was not a 
unitary function, but rather would vary with different 
types of reading materials. 

Malmquist's Visual Perception Test of Letters, 
though helpful in determining letter matching as a general 
factor in the relationship between perception and reading, 
would aor isolate particular skills in the visual discrim- 
ination of letter words. This was due to the diversity of 
design of the test items. The test items in the present 
study are a simple matching to sample design with one 
distractor. 

Feldmann (1961) attempted to re-examine the con- 
clusions from previous research by investigating the devel- 
opment of visual perception skills and the relation of 
those skills to reading. Ninety-five children at each 
level from kindergarten through grade five, were measured 


on tests of intelligence; three visual perception tests -- 


the Bender Visual Motor Gestalt Test, the Gestalt Completion 
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Test, aReversals: Tests) two reading tests. In that this 
was a developmental study it was concerned with visual 
perception skills in relation to age. Data analysis 
indicated that general visual perception, form sequence 

and orientation skills were related to reading at all grade 
levels assessed. 

In the Reversals Test a three letter nonsense 
syllable was printed alone on a page. The child was allowed 
COMLOOK ats for an unlimited time, and then, had «to Locate 
it among four nonsense syllables on another page. Feldmann 
mentioned that the three distractors were of a specific 
form: in one the original letters were in exact reversed 
sequence; in another the letters were in mixed sequence, 
in the third the sequence was correct but one letter was 
reversed in direction. The obvious weakness of this test 
was that unless you looked at each child's response on 
each test item you would not know the exact error made. 

For that matter, all the errors made by all the children 
in the sample could have been errors in sequence and not 
errors in reversals. 

Wheatley (1965) examined the relationship existing 
between certain visual discrimination abilities at the 
pre-reading stage and achievement in reading at the end 
ofmtirst grade. The ‘subjects consisted of 102 first grade 


pupils attending three public schools in Edmonton. The 
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visual discrimination tests constructed by Wheatley 
included: form rotations, reversals, configurations, 
pattern details, letters, and words. 

Correlation coefficients were computed to deter- 
mine the relationship between the visual discrimination 
abilities tested and reading achievement. A comparison 
made between the six form discrimination tests and the six 
letter and word matching tests indicated that word and 
letter matching ability was more closely related to reading 
ability than form matching ability. Correlations .also 
revealed that word reversals was significant in predicting 
reading achievement at the .05 level of confidence. They 
further revealed that letter matching was significant in 
predicting reading achievement at the .01 level of con- 
fidence. Wheatley did not identify selected letter pairs 
which would be confusable when located in words. 

Barrell (1965) was concerned with the controversial 
reports as to whether visual discrimination of letters 
or visual discrimination of words best predicted first 
grade reading achievement. Investigations by Smith (1928), 
Wilson (1942), and Gavel (1958) provided support for the 
position that reading readiness tasks requiring visual 
discrimination of letters best predicted first grade 
reading success. On the other hand, the work of Gates, 
Bond and Russell (1939) indicated that visual discrimina- 


tion of words was the most valuable predicator of first 
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grade reading achievement when compared to the other 
visual discrimination ‘tasks? 

Barrell *inYaPstudy*of+724 students “in"26"first 
grade classes attempted to determine whether visual 
discrimination of letters or words was the best predicator 
of reading success. He concluded that word matching should 
be included in an optimum combination of visual discrimina- 
tion tasks for predicting first grade reading achievement. 
Thus he supported the position of Gates, et al. (1939). 

Barrell also found in support of Goins (1958) that 
reversals measured a type of visual ability which was 
useful to predicting first grade reading achievement. 

Burke (1973) undertook to explore which cues 
children used to recognize words visually. When a child 
attempted to pronounce a word regardless of whether phonics, 
or the "look and say" method had been stressed, he must 
remember some prominent cue in the word which would enable 
him to recall it when he met it again and attempted its 
pronunciation. The sample consisted of 48 grade one 
children who were of average IQ with an equal distribution 
over sex and reading achievement level. The results showed 
that initial letters were most frequently used as cues to 
word recognition while shape was least used. Though the 
use of initial letters as cues was a limited word recogni- 


tion skill, it was evident that this skill required accurate 
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visual discrimination of letters. 

Two hundred students (Smythe, et al. 1970) enrolled, 
approximately fifty per grade, in kindergarten and grades 
one through three, were the subjects in an examination 
of the development of children's knowledge of both upper- 
case and lower-case letter names. The pupils were assigned 
to one of four chronological age groups, 65-76, 77-90, 
91-104, and 105-132 months. The letter naming tests were 
administered individually to each student. 

Performance on the lower-case naming test was 
generally poorer than that on the upper-case naming test, 
but most pupils had almost completely mastered the lower- 
case naming test by the end of Grade Two. This supported 
the grade selection for the present study. 

Since Smythe et al. (1970) found that age groups 
one and two above had higher discrimination scores for 
the upper-case letters than for the lower-case letters, 

a rank order correlation was calculated between the per- 
centage of group one and two pupils correctly discriminating 
each letter. Separate calculations were made for upper- 

and lower-case letters with p > .50 for upper-case letters 
and p <4%.,05 #£omelowem-case letters. gi he ability to 
discriminate letters was included in the naming task, but 
the study showed the relationship between these two skills 


was significant only with respect to lower-case letters. 
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This supported the selection of lower-case letters for 


this study. 


Visual Discrimination ina ining 
and Reading Improvement 


The present studies concerned with the visual 
discrimination of selected similar and reversed letter 
pairs and the following studies concerned with training 
in the visual discrimination of words and letters gave 
background information which supported the decision in the 
present study to use confusables. 

King (1964) compared six groups (twenty-three in 
each) of kindergarten children learning to read four 
words following different kinds of visual discrimination 
training. The learning tasks of the groups were as follows: 

1% Successive presentation of different meaning- 

ful words from future reading task words along 

with the presentation of visual forms, sounds 

and pictures. 

2. Successive presentation of different words 

from the reading task words; but no presentation 

Of “pretune *or sound: 

3. Successive presentation of the same letters 

which were constituent of reading task words. 

4, Successive presentation of the same words 


as the reading task words, 
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5. Simultaneous presentation of words which 

were the same as the reading task words. 

6. Successive presentation of geometric 

forms. 

King was interested in examining the effect of 
three specific variables in visual discrimination training 
on learning to read words. The following three questions 
were raised: 

1. Does a set to associate words with sounds 
and meaning during visual discrimination training enhance 
performance in learning to read words compared to discrimi- 
nation training with words that are not associated with 
such responses? 

This question was answered positively at the .01 
level of. confidence. 

2. Does visual discrimination training with 
individual letters or whole words better prepare children 
for reading a word list which includes the.same letters 
and words that were used in the training? This question 
WasgwaLsoranawered,positively with.p.<..01. j,Pertinent 
to this question, the results showed that matching all 
the single letters which were constituents of the words 
to be learned later in the reading task was more effective 
for learning than training in matching the same words 


which were to be learned. 
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3. Is a simultaneous or a successive method 
of presenting a set of words in visual discrimination 
training more effective preparation for learning the same 
set of words? The question showed neither to be superior 
and hence was not significant. 

On the basis of this experiment, King suggested 
that pre-reading and beginning reading programs be modi- 
fied to include visual discrimination training with the 
easier task of matching single letters to be followed by 
the more difficult but effective training in discriminating 
words made meaningful by associating appropriate sounds 
and meaning with the visual forms. 

King's study was relevant in that she seemed to 
support previous conclusions that there are a variety 
of perceptual abilities. However, King seemed to indicate, 
too, the developmental nature of skills involving visual 
discrimination in that she suggested training in letters 
then in words containing these letters. Once children 
became familiar with cues necessary to discriminate letters 
they would use these cues to discriminate letters in the 
more complex situations of recognizing meaningful words. 

King (1965, pp. 337-340) in a study of non-reading 
kindergarten children determined the effects of visual 
discrimination training with different types of stimulus 


materials and different methods of stimulus presentation 
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on performance in a transfer task consisting of learning 
Loe read ‘a? 1LYSt* off*wordeh 

Conclusions arrived at were that superiority of 
visual discrimination training with meaningful word 
forms over word forms with no meaning may be attributed 
POMONeCROLAUMOLVe OfrMtnegrOLlowilig siactors «Cl )etrainineg owas 
provided in acquiring a set of discriminating responses 
which included verbal labels; (2) training was provided 
in applying verbal labels consistently; and (3) training 
was provided in responding to word stimuli in a threefold 
manner similar to that required in learning to read: the 
association of visual form, sound, and meaning, 

Visual discrimination matching of all the single 
letters which were constituents of the words to be learned 
later in a reading task tended to be petsielr training than 
matching the same words, supporting that part of the present 
study which has a matching to sample design using letters. 

King (1972) in a comparison of 27 early readers to 
28 non-early readers found that intelligence, visual 
discrimination, letter recognition, word recognition, and 
rate of learning to read new words were the variables most 
important in differentiating between the two groups. She 
concluded that early instruction in these areas would 


assist in increasing reading skill. 
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Samuels and Jeffrey (1966, pp. 337-340) designed 
a study to test the relationship between the rate of 
léarninevand) the number otoiletters, “and, in) addition, to 
evaluate the degree to which transfer was related to 
similarity as defined by number of letters used in the 
list’. 

The subjects were thirty-six kindergarten children 
from a Los Angeles school and twenty-four children from a 
Santa Monica nursery school. 

The hypothesis that stimulus similarity would 
prove to be a relatively important factor in paired-asso- 
ciate learning, if the stimuli were unfamiliar and children 
used as subjects, received strong support although it was 
also shown that with specialized training, the effect of 
stimulus similarity on learning was reduced considerably. 
The results indicated that the number of subjects who made 
identifications on the basis of a single letter increased 
with the number of letters on which they were trained. Thus, 
training that forced attention to each letter was less 
likely to lead to subsequent reading errors than training 
which permitted the child to identify words on the basis of 
a single feature. In letter discrimination training, 
more attention would need to be given towards efficient 


discrimination of confusable letters. 
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IV. SUMMARY 


This chapter has been concerned with Money's theory 
of visual discrimination, and a review of relevant research 
in visual discrimination of letters and words. It was 
indicated that a purpose of this study was to determine 
whether there is any significant difference in the ability 
to discriminate between letters of formal similarity and 
reversible letters. Significant differences may support 
Money's Laws of Constancy. 

The research indicated, on the whole, that the 
discrimination of letters and words was vital to reading 
improvement. Research was consistent in finding that of 
the letters most confusing to children, reversible letters 


were most problematic. 
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CHAPTER III 


THE EXPERIMENTAL DESIGN 


I. INTRODUCTION 


This chapter reports the selection of the test 
sample, describes the construction of the research 
instruments and the pilot study. The procedures followed 


in the collection and treatment of the data follow. 


Il. SELECTION OF THE SAMPLE 


The data for the present study were gathered from 
pupils in kindergarten, grade one, and grade two, from a 
public school in St. John's, Newfoundland, in March, 1967. 
The sample of seventy-five pupils selected for this study 
was chosen from fifty-five kindergarten pupils, one hundred 
grade one pupils, and one hundred grade two pupils which 
represented pupils in these grades in the city of St. John's. 
In St. John's there are a variety of schools of various 
religious denominations. Some of the schools are all boys' 
schools, and some are all girls' schools. Also the pupils 
of some schools generally come from homes of lower socio- 
economic status, and the pupils of other schools come from 
homes of higher socio-economic status. With the help and 
advice of supervisors from local school boards, the 
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investigator selected a school that was co-educational, and 
that reflected a wide distribution of socio-economic status. 
The 255 pupils were selected because as primary 
pupils they were involved in the acquisition of visual 
discrimination skills in learning to read. Three grades 
were selected so that one might determine what significant 
differences, if any, might exist between the groups in 7 
their abilities to discriminate letters. A second 
kindergarten shift attended the school in the afternoons, 
but this investigator was able to come to the school during 
mornings only, so this particular shift was not considered 
in the study. There were a total of one hundred and ten 
kindergarten children attending this school, of which fifty- 
five attended a morning shift and fifty-five an afternoon 


shift. 

The sample of pupils for this study was selected 
randomly from within the school used for the study and was 
stratified by grade, kindergarten, grades one and two. 
Originally ninety pupils were selected with thirty from each 
grade, however, because of absenteeism in the grades, this 
y-five pupils from each of the 


number was reduced to twent 


three grades. 


.sutete 2imonors-obaoe te 
yramiag as seusosd begs! s 
. fsuelty to notatelupos is at ns si9w —— 
asberg ated -bast 03 gototvesl at alitse : 
juesieebks jadw snigisi9b tigim sro Jedi oe bessotee anew ; 

nt aquorg sd2 naswisd Jalxs tigka ews tt iasimsadinabs, 
booose A .e8rsiiel sisntmiroaks od eabzhitda medi 
~anoonmtsits sd3 ot Lootas sf3 bsbasigsn 3ittHhe nesisgrebard 
antzub loodos sii oj sman 03 sids asw rozsgtiasvat end3 aud 
beyebbeno>s ton asw titde zxalustirsq etds of ,.yvino agniazon 
n=3 bos berbaud sao to I[s303 8 stsw s1sdT .ybw3ae sat an 
-y222i doldw do ,Loodae std gatbastis usrbiido msszagtsbakl 
fovonzs3is as svti-_y3it? bas iitde goinszom «s bebast36 avb?- ; 


bs309ise asw ybuje alfa tot eliquq to sigaise sit ae 


eaw dns ybuje 943 sol b3sau Loose sdt nedaiw mort vimobass 


-Ow) bua soo asbaty »fisaseg1sb0rH .Sbatg vd boPitisiie 7 
foes mort yotidd ieee Vian cies eal sisw eltqpq yisnta viisatgtio fe 


23 


ITI. CONSTRUCTION OF THE VISUAL 


DISCRIMINATION TESTS 


Since it had been decided to assess visual 
discrimination ability by observing children's abilities to 
discriminate between letter pairs of proven difficulty, 
the problem of selecting a test design was not unduly 
difficult. The letter pairs of proven difficulty observed 
by Popp (1964) were chosen for this study along with a 
simple matching to sample design. Popp had prepared 
projection slides and tested children individually, and 
this procedure was adapted to a pencil-and-paper matching 
test which could be administered to the primary pupils. 

There are a variety of methods for using a sample 
and matching design. It was decided to use a single 
distractor. This seemed reasonable since it would be a 
clear empirical indication of the task set by the test 
items, thus, it would lend itself readily to analysis. If 
a number of differing distractors were used in test items, 
the task of analysing errors would be extremely difficult. 
For example, using a number of distractors one could not 
be,.certain that«the,difiiculty ofethe.~taskysetrin,.thertest 
items would not interfere with the discrimination task. 

On the other hand, the simplicity of the single distractor 


test design would render the visual discrimination task 
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understandable to a kindergarten child. Therefore, it was 
decided to have the stimulus item on the left, and the item 
and the distractor placed on the right. The selection of 
one distractor for each test item would increase the 
probability of guessing and thus limit test reliability. 

To reduce this possibility the length of the tests was 
increased by repeating the similar letter pairs twice and 
the reversed letter pairs four times on tests one through 
to eight. The reversed letter pairs were repeated more 
frequently than the similar letter pairs because there were 
fewer and Popp's study (1964) illustrated that they were 
confused more often than the similar letter pairs. The 
problem as to the order of the two items on the right was 
of concern only to the extent of ensuring that no regular 
pattern of selection could be readily discernible. This 
was accomplished by using the other of the two positions 
for the distractor in the second item testing a confusable 
letter. 

Since the uniformity of the changes in the 
placement of the distractor might lessen the significance 
of all of the tests because of pupil observation of this 
pattern, intelligence could be a factor; therefore, where 
those tests were considered, the effects of intelligence 
were controlled statistically. 


The ten visual discrimination tests were divided 
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into two groups, similar letter pairs and reversed letter 
pairs. The designs of each of the ten tests were identical; 
each test question contained an item to be identified by 
matching it with an identical item, and a distractor. The 
only difference between the distractor and the test item 
was the change of position of the letters of proven 
dittdcuitys 

Once the decision to use a pencil and paper test was 
determined, the format of the test had to be decided. Two 
designs were chosen as described below and as illustrated 
in Appendix 2 and three tests were constructed each using 
both designs, a total of six tests. These six tests were 
administered in a pilot study to ten kindergarten and grade 
one children. These children were from the same school as 
that chosen for the study, but they were not included in the 
main study. It was found that the children could 
competently use both designs. The second design was 
chosen for the study since the letters were smaller and 
therefore closer to the usual word recognition of a 
printed page. 

The first design differed from the second design 
imetwouways. First, the letters of *the Tirst design were 
slightly larger than primary print. The letters of the 
second design were those of a primary typewriter in size. 


Second, the items on the first design were completely 


pinotinsbt s19v e3es2 t 

vd .botitsngbt sd 03. esa 
ad? .todserseth © bas ping meashaee os date * gat Tr 

ma3t teat of2 bas eee _e aaawaad Heenenttehss 1 


esw tas3 teqsq bus Itonsg & sau 02 notakosh sd? son0 y ual 

owT .bsbkasb sd of bad 3242 99 Yo IBmz0% of3 . obonheyea nn: 

beteriaulit ea boas wesad bedkisesb as gsaodo sTew engised — 

afteu doss do 4teetenel sisw ejest sstda bas & xtbmoqgh of : 

stow 2e3as3 xta sesdT .e3a93 xte io Le703 4 engtesB di0d 

abatg bos astixrsgzebatd ost 03 ybhusta tolitg s at boxe sel atehe: im 

as foodse sasa sdi movi sasw matbitda sesdT .osirbitdo sno 

ed3 at bebufsot dom sisw yad2 jud ,ybusze siz so? nesodo dada 7 
blues nszbitds sds tsd2 tavei eaw 31 -thuse atom 

sey ogiesh brosse edt .angtesb diaod sas clinessqno> 0 

boas iz9iiems ae ayso35i sii sonte ybuae sHi3 102 sseoda 

a 20 aotitogoves brow Laueu sii3 53 t8e0L> er0tezeq? 

-3geq satehag! 7 

mgtesb booose 383 mori baxratith ngtesb se1tt sAT wh 

sipw agtesb zezli ef2 lo sreste! siz .227f% .agsw ows 8 

983 do sxesaei sd? .snlxy waseizg asda regret xfaiigt 

«eata nl tsativeqys yregtaq 5 to s20d3 o70M aateed | 10 


a peanraes eiew apheab tert? oda ee ad xi von 


56 


separated from each other by connecting lines in a box-like 
form. The boxes in the second design were connected from 
one item'to the next by some common lines. Since the 
second design was selected for this study the tests in 


Appendix 1 are examples of the second design. 


Validity of the Tests 


The validity of a test depends upon the fidelity 
with which it measures what it purports to measure. It 
is reasoned that The Visual Discrimination Tests have content 
and construct validity. The tests have content validity at 
least for kindergarten children because the letters 
selected for the study were found by Popp (1964) to be 
confusable for kindergarten age children. Both groups of 
letters were located in words and nonsense syllables in 
order to determine whether this would render accurate 
discrimination of these letters more difficult. Nonsense 
syllables were selected in order to expose the children 
to unfamiliar letter groups in an effort to minimize the 
role of meanings as cue to assist in making the correct 
choice. 

The tests are reasoned to have construct validity 
because the test design is basically a matching to sample 
design as was that used by Popp (1964). It is consistent 


and relatively simple to suit primary children. There is 
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but one distractor in each test item, and the only change 
in the distractor is in the alternating of a letter of 
the confusable pair. 

Tests IX and X were concerned with similar letter 
pairs and reversed letter pairs in longer words. Longer 
words would contain four to seven letters. In Tests III 
to VIII inclusive where letters were imbedded in shorter 
words and nonsense syllables of three letters, the letters 
were imbedded uniformly in initial, medial and final 
positions throughout the tests. Tests I and II contained 
similar and reversed letter pairs in isolation. It was 
decided to construct Tests IX and X on the same pattern as 
the preceding eight tests. Also in Tests IX and X it was 
decided to use each pair of confusable letters at least 
once on the tests and some letter pairs twice. This 


information is summarized in Table I in Chapter I. 


[Velo hee LLOTS STUDY 


AepilotsstudyetoOresthespurpose olmtesitan gestive 
suitability of the procedures planned for this experiment 
was conducted in November, 1966 in the school at which it 
was decided to conduct the main part of the study. Three 
tests of similar letter pairs and three tests of 


reversible letter pairs were administered by the 
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researcher. It was found that the five kindergarten 
children and the five grade one children could competently 
cope with the design having had some experience with 
matching procedures and it was assumed grade two children 
would have no problems either with the design. Other 
changes to The Visual Discrimination Tests were described 
in the previous section. The ten children used in the 
pilot were=-not~ inc luded-in-the-main=study. —At this—-time, 
November, 1966, it was decided to conduct the main 
experimental study in March, 1967, since at this time the 
kindergarten children would have had a beginning reading 
program for two months should know a number of sight words 
as well as have a knowledge of all the letters of the 
alphabet. 

Despite the near perfect test performance by the 
ehaldren in the pilot study on Tests © and Il, it was 
decided to go ahead with the main study since the number 


of children in the pilot study was so restricted. 


V. DATA COLLECTION 


All tests were group tests and were administered in 


the main experiment by the investigator with the help of 
six assistants. Meetings were held with the assistants to 


prepare them for their part in the experiment. The size 
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of the groups varied for the intelligence tests. At the 
kindergarten level, groups of nine were tested, at the 
grade one level, groups of eleven were tested, and at the 
grade two level, the group was divided into two sections 
of fifteen pupils each and each section was tested 
separately. 

Thegdirectionspfor administratdontofatThe Cates sword 
Recognition Test and The Lorge-Thorndike Intelligence Tests 
were contained in the manual of directions enclosed with 
these tests, and were followed exactly by all test 
administrators. The tests were administered in order from 
one to ten over a period of several days. Since the visual 
discrimination tests were short and were administered in 
two consecutive morning sessions of about a half hour 
duration, the acquisition of visual discrimination skill 
during this period of time would be limited. All tests 
were administered during the period from nine to ten-thirty 
in the morning. All children were given sufficient time 
to complete all tests. The approximate administration 
time per test was about ten minutes a total of one hundred 
minutes for all ten of The Visual Discrimination Tests. 

The directions for administration of the ten visual 
discrimination tests were very simple, and once understood 
the same procedure was used for each test. The students 


were told to look at the sample item on the bottom of the 
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title page. At the front of the class the administrator 
had a copy of the test and pointed out the item to the group. 
The particular sample was then written on the board. The 
administrator told the students to look at the letter or 
Petters on the Left pointine at the same time to the 
blackboard at the. panticularm wotem ewritotien there. Then the 
students were told to pick from the two items on the right 
the item that looked most like the one on the left. They 
were then told to put a circle around the item that they 
had picked. The administrator and assistants then checked 
to see that all understood these directions. Following 
this, the students were told that the questions on the 
test were very much like the one they had just answered. 
With each question they were to look at the item on the 
left and then circle the item most like it. The visual 


discrimination tests were not timed. 


Vix SCORING AND TESTING 


All tests were scored by the investigator and his 
assistants. One point was given for each correct response 
on The Visual Discrimination Tests, and the total correct 
responses for each test became the final score for that 
test. The scoring was the same for all visual discrimination 


tests. The student was required to look at the stimulus 
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item on the left and to circle the matching item on the 
right. If he circled the correct item he received one 
point. The word recognition and intelligence tests were 


scored as directed in accompanying manuals. 
VII. “ANALYSIS “OF DATA 


The analysis of this experimental data was by an 
applied multiple linear regression as developed by Bottenberg 
and Ward (1962). Applied multiple linear regression 
analysis was to determine the significance of the visual 
discrimination of selected letter in the presence of other 
eres This was accomplished by two models, the one 
containing the letters selected for analysis, and the 
second without it. The resultant comparison between the 
two models determined the degree of significance of those 


confusable letters in predicting reading achievement. 
VIII. SUMMARY 


A test sample of seventy-five pupils from 
kindergarten, grade one, and grade two from a public 
school in St. John's, Newfoundland was selected for this 


study. Administered to this sample were the following: 


The Lorge-Thorndike Intelligence Tests, The Gates Word 
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Recognition Tests, and The’ Vistal’ Discrimination Tests. 


This chapter described the test sample, the construction of 


The Visual Discrimination Tests, the pilot study, and 


procedures for data collection and analysis. 


CHAPTER IV 


THE FINDINGS 


Chapter IV is divided into three parts: firstly, a 
summary of pupil performance on The Lorge-Thorndike 


Intelligence Tests, The Gates Word Recognition Test, and 


The Visual Discrimination Tests is given; secondly, a report 
of the findings from the analyses of the test scores using 
multiple linear regression is made and) thirdly, a 


discussion of the findings is presented. 


I. PUPIL PERFORMANCE 


A summary of the means and standard deviations on 
intelligence, word recognition and visual discrimination 
tests which represent the performance of pupils in 
kindergarten, grade one, grade two and the total test sample 
is Gresentiedginelable til, 

The mean chronological age increased with grade 
level; however, as the table shows there was only a fraction 
of a month difference between the mean age of pupils in 
grade one, and those in grade two. The standard deviation 
at the grade two level was large, much more so than that at 
the kindergarten and grade one levels and indicated a 


number of pupils there were both younger and older than 
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normally found. An expected range of ages at the 
kindergarten and grade one levels was indicated. 

The mean intelligence score decreased slightly 
with increase in chronological age, and the standard 
deviation was comparable at all three grade levels. The 
mean intelligence score and the standard deviation at the 
grade two level indicated the presence of older but less 
intelligent pupils. 

The means of the scores of The Gates Word 
Recognition Test increased as the grade levels advanced. 
It should be noted that at the kindergarten level the 
mean score was 3.48 with a standard deviation of 4.37 
indicating that a number of children may not have scored on 
this test. This finding was surprising since these children 
were well into a pre-reading program and both the school 


principal and the teacher stated that all should score. 


At the grade one level the mean score was 28.8 
with a standard deviation of 12.03 illustrating a wide 
range of achievement, with an overlap of the highest grade 
one achievers with the lowest grade two achievers. At the 
grade two level the mean was 43.04 and the standard deviation 
was 6.07 showing some pupils at the grade two level may have 
had perfect scores. That a small number of the grade two pupils 
may have obtained perfect scores on the word recognition test 


was interesting in that there was also a large standard 
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deviation “In the age variable at this grade level. It should 
be noted that the norms published in the test manual showed 
this test was suitable for American pupils at the 2.6 
grade level. 

On The Visual Discrimination Tests the means of 
pupil scores increased and the standard deviations 
decreased with increase in grade level. Pupils at the 
kindergarten, grades one and two levels obtained high scores 


but there was a small but measurable increase in achievement 


with increase in grade, At the kindergarten level standard 
Geviaicrtons: ranged rom 4.05 sfOre l6stel downto 275 fOr 

Test III, at the grade one level from 1.98 for Tests VIII 
to r44—for=Test lil, and at the prade two level from 1.38 
ror Test V to 300 for Test VI. The cluster around the mean 


underline the high scoring of pupils on these tests. 


II. ANALYSES 


In this study the predictor variables which accounted 
for an amount of the variance of the criterion variable 
were the scores of The Visual Discrimination Tests. The 
Criterion variable was the scores of The Gates Word 
Recognition Test used to measure pupil achievement in 


reading. 
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The variance accounted for by both sex and 
intelligence were controlled in Hypotheses I, LL Li and 
LV. 

The investigator was concerned with assessing 
whether significant differences existed between pupil scores 
on The Visual Discrimination Tests for predicting success on 
The Gates Word Recognition Test; therefore, tests had to be 
compared "in the presence of" other tests. That is, the 
visual discrimination tests were compared in the presence 
of one pangther) for athe majoritylof. the tesites. Welf ha visual 
discrimination test in the presence of another visual 
discrimination test did significantly predict achievement 
on The Gates Word Recognition Test, this would mean that the 
pupiis'Miability|to perfiorm on/the pariticular visual 
discrimination test differed significantly from the other 
discrimination test which was also present in the model 
pointing out that a different skill was being tested. 

Results of the analyses are reported by grade. The 
Chita gection of the chapter will discuss the findings and 


suggest the strands of a developmental pattern. 


Kindergarten 


Table III reports the probability of The Visual 


Discrimination Tests predicting achievement on The Gates 


Word Recognition Test for the kindergarten group. 
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Similar letter pairs. Each of "the “visidal 


discrimination tests of similar letter pairs, Tests FELEFSLV, 
V, and IX, accounted for a significant amount of the 
Vattance tof scoreés:at either the .01 or the .05 levels of 
significance with the exception of Test III in the presence 
of Test IV and Test V in the presence of Test IV. 

This would indicate that the visual discrimination 


tests }*Tests "LVI y°1V; Ve*and -LXF “would *predict *achievement 


on The Gates Word Recognition Test except as noted above. 


Reversed “letter "pairs: Each of the visual 


discrimination tests of reversed letter pairs, Tests VI, VII, 
VIII, and X, accounted for a significant amount of the 
variance of scores at either the .01 or the .05 levels of 
significance with the exception of Test VII in the presence 
of Tests VI and VIII. 

Indications were that the visual discrimination 


tests, Tests VI, VIII, and X, would predict achievement on 


The Gates Word Recognition Test. 
Similar and reversed letter pairs. All of the tests 


of similar letter pairs together, Tests I, LIT, IV, V, and 
IX, and all of the tests of reversed letter pairs together, 
Teste ll, Vil, Villy VLEL, andex did notyaccounte ior sa 
significant amount of the variance of pupil scores. 

At the kindergarten level neither the five tests of 


similar letter pairs in the presence of the five tests of 
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reversed letter pairs, nor the same tests of reversed letter 
pairs in the presence of the same tests of similar letter 


pairs would predict achievement on The Gates Word 
Recognition Tests. 


Visual discrimination total score and intelligence. 


All ten visual discrimination tests in the presence of 
intelligence accounted for a significant amount of the 
variance of scores at the .05 levels of significance on 
The Gates Word Recognition Test. Even when factors of 
intelligence were controlled statistically the ten visual 
discrimination tests considered together predicted 


achievement on The Gates Word Recognition Test for 


kindergarten pupils. 


Grade One 


Table IV illustrates the probability of The Visual 


Discrimination Tests predicting achievement on The Gates 


Word Recognition Test for the grade one group. 
Similar letter pairs. The visual discrimination 


tests of similar Letter! npalrs,; Tests TUlLy £V,V, and Wx, 
accounted for a significant amount of the variance of 
scores at either the .01 or the .05 levels of significance 
with the exception of Test III in,the presence of Tests IV 
and V and Test IV in presence of Test V. 


These visual discrimination tests, Test IV, V, and 
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IX then, would predict achievement on The Gates Word 


Recognition Test except as noted above. 
Reversed letter pairs. The visual discrimination 


tests of reversed letter pairs, Tests VI, Vl. VILL and X 
accounted for a significant amount of the variance of 
scores at the .01 level of significance with the exception 
of Test X in the presence of Test IX, Test VI in presence 
of Test VII, and Test VIII in presence of Test VII. 
Indications were that the visual discrimination 
tests of reversed letter pairs, Tests VI, VII, and VIII 


would predict achievement on The Gates Word Recognition Test 


except as noted above. 

Reversed and similar letter pairs. All of the tests 
Cree iirrare Letter pairs, =r1est i, LLL siV, Veeands: Lx, 
accounted for a significant amount of the variance of pupil 
scores at the .01 level of significance but all the tests of 
Peverseumretrler pairs, 2esces Li. Vil Vil Vill, and ex. .in 
the presence of the tests of similar letter pairs did not. 

At the grade one level the tests of similar letter 
pairs considered together are significant in predicting 
achievement on The Gates Word Recognition Test. However, all 
of the tests of reversed letter pairs considered together 
when in the presence of all of the tests of similar letter 


pairs would not predict achievement on The Gates Word 


Recognition Test. 
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Visual discrimination total score and intelligence. 


All ten visual discrimination tests in the presence of 
intelligence accounted for a significant amount of the 
variance of scores at the .01 level of significance. 

This would indicate that at the grade one level even 
when factors of intelligence were controlled the visual 


discrimination tests considered together would predict 


achievement on The Gates Word Recognition Pest. 


Grade Two 


Table V illustrates the probability of The Visual 


Discrimination Tests predicting achievement on The Gates 


Word Recognition Test for the grade two group. 

Similar letter pairs. | Only| the yisual discrimination 
test, Test III, would predict achievement on The Gates Word 
Recognition Test except as noted above. 

Reversed letter pairs. The visual discrimination 


tests of. reversed lettem)padrs, TestsiVb,eVal, Villieand + 
accounted for a significant amount of the variance of 
scores at either the .01 level of significance with the 
exception of Test X in the presence of Test IX, Test VI in 
the presence of Test VII and Test VIII in the presence of 
Test VII. 

The visual discrimination tests of reversed letter 


pairs, Test VI, VII, VIII, predicted achievement on The Gates 
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Word Recognition Test except as noted above. 


Similar and reversed letter pairs. All tests of 


reversed Wetter }painsttogetheaym, Tests in. VIE Vil, VII, and 
X, accounted for a significant amount of the variance of 
scobes at ithe .01 Levellotisionificance..) lhe otests tof 
similar letter pairs together in the presence of the tests 
of reversed letter pairs were not significant. 

This would indicate at the grade two level these 
tests of reversed letter pairs considered together were 
significant in predicting achievement on The Gates Word 
Recognition Test. However, all the tests of similar letter 
pairs considered together when in the presence of all of 


the tests of reversed letter pairs did not predict 


achievement on The Gates Word Recognition Test. 


Visual discrimination total score and intelligence. 


All ten visual discrimination tests in the presence of 
intelligence did not account for a significant amount of 
the variance of scores at the .05 level of significance. 
When intelligence are taken into consideration the 
visual discrimination tests considered together will not 


predict achievement on The Gates Word Recognition Test ey 


grade two pupils. 


Total Test Sample 


Table VI illustrates the probability of The Visual 
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Discrimination Tests predicting achievement on The Gates 


Word Recognition Test for the total test sample. 
Similar letter pairs. The visual discrimination 


tests of similar letter pairs, Test III, accounted for a 
significant amount of the variance of scores at the .0Ol 
level of significance. Test IV in the presence of Tests III 
and V, Test V in the presence of Tests III and IV, and 
rest 1X in, the ‘presence of Test X were not significant. 

This would indicate that the visual discrimination 


test, Test III, would predict achievement on The Gates Word 


Recognition Test. 


Reversed letter pairs. The visual discrimination 


tests .of reversed letter pairs, Tests,Vilavil.» Vili ggand x. 
accounted for a significant amount of the variance of 
scores at either the .01 or .10 levels of significance 
except Test VII in the presence of Test VI and Test VIII in 
the presence of Test VI. 

The visual discrimination tests of reversed letter 


pairs, Tests VI, VII, VIII, and X would predict achievement 


on The Gates Word Recognition Test except as noted above. 
Reversed and similar letter pairs. All of the tests 


of reversed letter pairs together Tests II, VI, VII, VIII, 
and X, accounted for a significant amount of the variance 


Seeetares at the .0l. level of significance, but (alii or the 
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tests of similar letter padres! together, Tests I, III, IV, V 
and#*LX ,8 dads not’ 

This would indicate for the total test sample that 
the tests of reversed letter pairs considered together were 
significant in predicting achievement on The Gates Word 
Recognition Test. However, all the tests of similar letter 


pairs considered together when in the presence of all of 


the tests of reversed letter pairs did not predict 


achievement on The Gates Word Recognition Test. 
Visual discrimination total score and intelligence. 


All ten visual discrimination tests in the presence of 
intelligence accounted for a significant amount of the 
variance-of,scores at. the ..01 or .05 levels of. significance. 
For the Total Test Sample even when factors of 
intelligence were taken into consideration the visual 


discrimination tests considered together would predict 


achievement on The Gates Word Recognition Test. 


Significance of Grade in the Presence of Similar and Reversed 


Letter Pairs 


Table VII indicates the significance of grade in 


the presence of similar and reversed letter pairs in 


longer words. 
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TABLE VII 
THE SIGNIFICANCE OF GRADE IN THE PRESENCE OF SIMILAR 


AND REVERSED LETTER PAIRS IN LONGER WORDS 


eR ne ee 
ns 


Predictor In the Criterion Rewnatio Probability 
Variable presence of Variable 

a ee ee ee ee ee eee 
Grade Test IX The Gates Word 3.9984 -04837 


Recognition Test 


Grade Test X The Gates Word 4./954 ~O3L82 
Recognition Test 


Grade accounts for a significant amount of the 
variance of scores at the .05 level of significance even 
when an amount of the variance is accounted for by Tests IX 
and X. 

This would indicate that in the primary grades, 
what grade a pupil is in would be significant in predicting 
achievement on The Gates Word Recognition Test even in the 
presence of an amount of the variance accounted for by the 
visual discrimination of similar and reversed letter pairs 


in longer words. 


Correlation 


The correlation between sex and visual discrimination 
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total scores was not significant. 


III. DISCUSSION OF FINDINGS 


Discussing the findings is difficult because there 
were few discernible trends. However, comments are offered 
here on the analyses of the similar letter pairs, the 
reversed letter pairs, and the comparison between both of 
these groups of letters as summarized in Table VIII. 

At the kindergarten and grade one levels it seems 
that ability to discriminate between letters similar in 
form was characteristic of good readers in this study. 
Furthermore, when the similar letter pairs were located 
close to one another in word context they became more 
difficult for the poorer readers to discriminate between 
them. 

At the grade two level the ability to discriminate 
between similar letter pairs did not predict reading 
achievement. This suggests that the majority of the 
children in this study by mid-grade two were generally 
profeecitent an thé, discrimination of “these Hletrers. 

The ability to discriminate between reversible 
letters was characteristic of good readers at the three 
grade levels of this study. The trend was Por the ability 


to discriminate these letters to become somewhat more 
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reliable in predicting reading achievement at the grade two 
level than at the kindergarten and grade one levels. Further, 
imbedding these reversible letters in words tended to 

increase their confusability at all three grades more so 

than imbedding similar letter pairs in words. 

An additional interesting observation may be made 
on the comparison of these pupils' test scores of similar 
letters and those of reversed letters. It may be 
observed that at the kindergarten level pupil ability to 
discriminate both groups of letters was equally reliable 
in predicting reading achievement. At the grade one level 
the ability of pupils to discriminate similar letters was 
more reliable in predicting reading achievement than the 
ability to discriminate between reversed letters, but the 
opposite was true at the grade two level. From kindergarten 
to grade two, then,ability to discriminate similar letters 
decreased in importance for predicting reading advancement 
while ability to discriminate reversed letters increased 
in importance. The discriminating of likenesses and 
differences in similar letter pairs was not as difficult 
a task as discriminating reversed letter pairs for these 
children. Also the visual discriminating of both letter 


groups was more difficult for them when they were located in 


words. 
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CHAPTER V 


SUMMARY, CONCLUSIONS, AND IMPLICATIONS 
FOR FURTHER RESEARCH 


L. ¢,OVERVIEW,OR. THE «STUDY 


The purpose of this study was to further investi- 
gation initiated by Popp (1964) covering confusability 
in discriminating certain pairs of alphabet letters. The 
present study was concerned with determining whether 
there were significant differences among primary grade 
children in their ability to discriminate similar and 
reversible letters and whether differences would predict 
achievement on a word recognition test. A further purpose 
of the study was to determine whether the confusability 
of letters would change according to location in a word. 
Ten visual discrimination tests of identical 
design were constructed with each test item containing 
one distractor. The only variable in each test item was 
the alternating of the letter in each confusable pair. 
The test items ranged in difficulty from letters in iso- 
lation to letters located in words and to nonsense 
syllables from three to seven letters. Significant differ- 
ences were ascertained by observing the scores of one 
visual discrimination test in the presence of another 


visual discrimination test. The criterion variable was 
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a word recognition test, The Gates Word Recognition Test. 


A pilot study was conducted with five kindergarten 
and five grade one children, in order to test the suit- 
ability of the materials and procedures planned for the 
study. The data for the present study was gathered from 
seventy-five pupils, twenty-five in each of kindergarten, 
grade one, and grade two, from a public school in St. John's, 
Newfoundland. All tests were group tests and were adminis- 
tered in the main experiment by the investigator with the 
help of six assistants. The analyses of the experimental 


data were by Applied Multiple Linear Regression. 
iis SUMMARY OF MAIN FINDINGS 


The findings indicated that the tests of similar 
letter pairs were more frequently significant than not 
significant at the kindergarten and grade one levels, but 
not at the grade two level, in predicting achievement on 
The Gates Word Recognition Test. The tests of reversed 
letter pairs were generally not significant at the kinder- 
garten and grade one levels but were significant frequently 
at the grade two level in predicting achievement on The 
Gates Word Recognition Test. 

The findings also indicated that with increase 
in grade there was an increasing competency in the visual 


discrimination of similar and reversed letter pairs. When 
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factors attributed to intelligence were controlled, the 
pupil performance on the visual discrimination tests was 


stil tiveryahigh: 


The main findings are summarized as they related 


to each hypothesis. 


Hypothesis I 

When differences attributed to intelligence and 
sex are controlled, there is no significant difference 
between a child's ability to discriminate selected 
Sima bareletter pairs on each of Tests Ullal Viiv. and 
his score on The Gates Word Recognition Test: 

(a) for the total sample 

(b) for kindergarten children 

(c) for grade one children 


Cd) for grade two children 


At the grade two level, generally, the ability 
of children to discriminate similar letter pairs was 
more frequently not significant than Si en Levoca n tied i 
predicting success on The Gates Word Recognition Test. 

At the kindergarten and grade one levels, gener- 
ally, the ability to discriminate these letter pairs was 


significant in predicting success on the word recognition 


test. 
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Hypothesis fall 


When differences attributed to intelligence and 
sex are controlled, there is no significant difference 
between a child's ability to discriminate selected 
reversed letter pairs on each of Tests Vi, Vil, Vill, 
and his score on The Gates Word Recognition Test: 

(a) for the total test sample 

(b) for kindergarten children 

(c) for grade one children 


Cay erior grade. two, chilaren 


At the kindergarten and grade one levels, gener- 
ally, the difference in the abilities of pupils to discrim- 
inate reversed letter pairs was frequently significant in 
predicting achievement on The Gates Word Recognition Test. 

At the grade two level, generally, the ability to 
discriminate reversed letter pairs was more frequently 


Significant in predicting suecess on ihe Gates Word Recog— 


Det ODL esi tr. 


Hypothesis I and II assessed the confusability of 
similar and reversed letter pairs when these letters were 
located in three letter words, nonsense syllables, and three 
letter nonsense syllables where the sequence of these letter 
pairs was altered in the distractor. Pupil ability to 
discriminate letters of form similarity at the grade one 
level, and reversible letters at the grade two level did 


predict ;reading achievement. 
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Hypothesis III 


There is no significant difference between a child's 
ability to discriminate selected similar letter pairs (total 
peeve Of¥lestsaryillig Tyaev, IX) from his ability to 
discriminate selected reversed letter pairs (total score 
or fests (hl; Viy Vibdevibttex)easizreflected in scores on 
The Gates Word Recognition Test: 

(a) for the total test sample 

(b) for kindergarten children 

(c) for grade one children 

(d) for grade two children 

At the kindergarten level, the ability generally 
to discriminate between similar letter pairs and reversed 
letter pairs was not significant in predicting success 
on The Gates Word Recognition Test. 

At the grade one level, the ability to discriminate 
similar letter pairs, but not reversed letter pairs, was 
Signizicant in predicting success on [he GatesvWord, Recog= 
MitLon lest. At theygradestwo level, thevabllityeco, dle 
criminate reversed letter pairs, but not similar letter 


Pairs, was significant in predicting success on The Gates 


Word Recognition Test. 


Hypothesis IV 


There is no significant difference between a child's 


ability to discriminate selected similar letter pairs located 
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in longer@wordsr(scoresohlTésttixX)@irom his ability to 
discriminate selected reversed letter pairs in longer 
words (score of Test X) as reflected in scores on ihe 
Gates Word Recognition Test: 

(a) (for the total’test sample 

(b) for kindergarten children 

(c) for grade one children 

(d) for grade two children 

At the kindergarten and grade one levels, the 
ability to discriminate similar letter pairs in longer 
words, but not reversed letter pairs in longer words, was 
significant in predicting success on The Gates Word 
Recognition Test. 

At the grade two level, the ability to discriminate 
reversed letter pairs in longer words, but not similar 


letter pairs in longer words, was significant in predicting 


success on The Gates Word Recognition Test. 


Hypothesis V 


The scores of the children on all of the tests 
intended to measure the ability to discriminate selected 
letter pairs (total score of Tests I to X) do not account 
fora significant amount of the variance of §the scores 


on The Gates Word Recognition Test beyond that difference 


accounted for by intelligence, 
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(a) for the total test sample 

(b) for kindergarten children 

(c) for grade one children 

(d) for grade two children 

At the kindergarten and grade one levels the 
ability. to discriminate confusable letters was significant 
in predicting success on The Gates Word Recognition Test. 
At the grade two level, the visual discrimination total 
score was not significant in predicting success on the 


same word recognition test. 


Hypothesis VI 


Grade does not account for a significant amount 
Ol ule = Vatiance Of SCOres. on ine Cates Word) Recognition 
Test beyond that variance accounted for by the scores 
of the children in the tests intended to measure the 
ability to discriminate selected letter pairs in longer 
words (scores of Tests IX and X). 

Grade accounted for a significant amount of the 
variance of the score beyond the ability to discriminate 


between similar letter pairs and reversed letter pairs 


in predicting success on The Gates Word Recognition Test. 


Hypothesis Vel 


There is no relationship between sex and visual 


discrimination (total scores of The Visual Discrimination 


Tests). 
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No significant relationship was found between 


visual discrimination and sex. 
gS a 4 CONCLUSIONS 


The conclusions are restricted to the test sample 
of this study, a relatively small number of children at 
three primary grade levels, and any other similar group 
of children...Also, jother variables: not. controlled bythe 
research design and procedures may have influenced the 
test.scores, further limiting the validity of the con- 
clusions recorded. 

Accurate visual discrimination of certain con- 

Be riea ence in words seems to be important for ade- 
quate word recognition among primary grade pupils. 

In general, errors among kindergarten pupils are 
common and are evenly divided between the visual discri- 
mination of similar letters and reversible letters. Among 
grade one children errors in the visual discrimination of 
reversible letters are common; however, those more skilled 
in word recognition ability appear to have greater skill 
jnathenvisualdiscriminationsofypsinilareletterstgnAe ‘the 
grade two level, pupils generally have uniformity of 
skill in the visual discrimination of similar letters; 
however, those more skilled in word recognition techniques 


appear to have greater skill in the discrimination of 


reversible letters. 
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At 


All, 


The ability to discriminate similar letters ‘is 
distinct from the ability to discriminate reversible 
letters because pupil competency to discriminate these 
letters increases with increase in grade level and reading 
achievement. It would seem also that the visual dis- 
crimination of reversible letters is a more complex task 
than that of similar letters. This is supported by the 
fact that among grade one children the more skilled in 
the visual discrimination of similar letters also seem 
to be more skilled in word recognition. Most grade one 
pupils, however, have insufficient skill in visual dis- 
crimination of reversible letters. At the grade two level, 
those more skilled in the visual discrimination of rever- 
sible letters also seem to be more skilled in word recog- 
nition at their grade level. Most of these pupils have 
Ske bl Sin theedigcriminationtoivYsimilar: letters. At all 
grade levels, the confusability of both groups of letters 
increases when they are located in words. 

In that this study does support that the perceptual 
task of discriminating similar letters may be distinct 
from the discriminating of reversible letters, Money's 
(1966) theory that these two distinct concepts need to 
be™possessed by young children if they are to accurately 
perceive similar letters and reversible letters seem to 


be supported. The two concepts which Money refers to are 
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form constancy and positional constancy. Form constancy 
dictates that alphabet letters to maintain their conven- 
tional roles in communicating meaning must not transform 
their shape except within certain prescriptions. Posi- 
tfonal constancy vrefersitto the tfact tthat Pa tVetter f"to 
retain its name and meaning must always be directionally 


oriented the same way. 
AB Aes IMPLICATIONS 


The conclusions of considerable research in visual 
perception have been applied to many readiness and begin- 
ning reading programs. In many of these programs attention 
is given to development of accurate visual discrimination 
skills of perceiving letters. Increased focus on visual 
discrimination problems of confusable letters is merited 
from the findings of this study. 

Furthermore, for accurate visual discrimination 
of confusable letters children should participate) in acti=- 
vWitetes of graduated ditiiculty sinvolving the) visual 
discrimination of these confusable letters. An essential 
part of these activities would be discussions with children 
of the "likenesses" and "differences" of the graphic 
symbols. 

In addition, attention of children should be 


directed to accurate visual discrimination of similar 
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letters before that of reversible letters. 


Vv. SUGGESTIONS FOR FURTHER RESEARCH 


A test constructed for teachers of kindergarten, 
grades one and two to measure the development of the 
concepts of form and positional constancy and their 
relationship to letter confusability should be the subject 
of research. 

Research concerning the development of curriculum 
materials which would sequentially develop visual discri- 
mination skill of these confusable letters at primary 
grade levels should be of assistance to teachers. 

An analysis of the frequency of these confusable 
letters in existing kindergarten, grades one and two 
programs would assist in specifying for teachers the 
extent to which these confusable letters may be exposed 


to young children. 


VI. CONCLUDING STATEMENT 


Accurate visual discrimination of letters and 
words is essential for word recognition. Similar and 
reversible letters are two distinct groups of letters 
that are confusable for some primary grade children; 
therefore, care should be exercised that primary grade 
children discriminate with accuracy these confusable 


letters. 
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APPENDIX 1 


TEN VISUAL DISCRIMINATION TESTS 
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Similar Letter Pairs 
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Similar Letter Pairs Used as 
Initial Letters in Three Letter 
Words 
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Similar Letter Pairs Used as 
Initial Letters in Nonsense 
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Similar Letter Pairs Used Together 
in Three Letter Nonsense Syllables 
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Reversed ketter Pairs Jsed as 
Initial Letters in Three Letter 
Words 
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Reversed Letter Pairs Jsed as 
Initial Letters in Three Letter 


Nonsense Syllables 
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Reversed Letter Pairs Jsed Together 
in Three Letter Nonsense Syllables 
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Similar Letter Pairs Jsed in Longer 
dords as Initial Letters, Medial 
Letters, and Final Letters 
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Reversed Letter Pairs Jsed in Longer 
Words as Initial Letters, Medial 
Letters, and Final Letters 
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